INTRODUCTION {#sec1-1}
============

Leishmaniasis is an endemic and self-limiting disease caused by protozoan parasites of the genus Leishmania.\[[@ref1][@ref2][@ref3]\] The parasite exists in two developmental phases: The sand fly transmits flagellated promastigote with a bite to the mammalian host and then transforms into the amastigote phase.\[[@ref2]\] In this disease an atrophic scar remains after treatment.\[[@ref3]\] Acute inflammation caused by the infection leads to collagen destruction that forms scar subsequent to the leishmaniasis wounds.\[[@ref4]\] Seventy to seventy-five percent of all cutaneous leishmaniasis (CL) cases in the world are found in ten countries; Iran, as a tropical country, is one of them.\[[@ref5]\] Fars, Esfahan, and Kerman provinces are the three regions of Iran with a high prevalence of CL.\[[@ref6]\] Amastigote eradication and promoting the healing process with minimal scarring are the goals of CL treatment. Pentavalent antimony compounds (pentostam and Glucantime) have been used for the treatment of leishmaniasis.\[[@ref7][@ref8]\] However, they have exhibited various toxic effects on pancreas, heart and liver tissues.\[[@ref7][@ref9]\] Moreover, many studies have been conducted with the aim of finding new treatments, with greater healing impacts and fewer side effects, particularly for CL, in order to improve the wound healing process and decrease scar formation;\[[@ref10][@ref11]\] thus, investigations for finding more efficient and less toxic agents are still in progress.

Taurine (2-aminoethansulphonic acid; Tu) is one of the most abundant amino acids and plays physiological and pathological roles in the human body, in the form of antioxidant, anti-inflammatory, and anti-apoptotic effects.\[[@ref12][@ref13]\] Rapid re-epithelization may be induced by Tu due to its anti-inflammatory and antioxidative properties, the two main reactions that play important roles in the process of wound healing.\[[@ref14][@ref15]\]

Finding more beneficial agents to enhance and improve the wound healing process and reduce scar formation in leishmaniasis-induced skin wounds has always been a concern for researchers.

In this study we aim to introduce Tu as a potent healing agent, which is exhibited to be effective on skin wounds caused by CL in mice, based on stereological analysis; we have also presented a flow cytometry (FCM)-based assay for studying the *in vitro* effects of Tu on *L. major* promastigotes.

MATERIALS AND METHODS {#sec1-2}
=====================

Animals and wound creation {#sec2-1}
--------------------------

In an experimental study, *Leishmania major* amastigotes (MHOM/76/ER) were provided from a group of BALB/c mice that were already infected. We used a final concentration of 4-5000 amastigotes per ml (estimated by means of hemocytometer) to infect the mice in our study. Eighteen mice, aged about four weeks and weighing about 18 g, were obtained from the Pasteur Institute, Tehran, Iran. The animals were randomly divided into three groups (*n* = 6) with leishmaniasis-induced wounds made on the base of their tails. One group was treated with Tu injection (T1) and the other group was treated with Tu gel (T2), and the control group which received no treatment and had only daily debridement of the wound with distilled water (C). Treatments were carried out every 24 hours for 21 days starting from the day open wounds were observed.

At the end, the animals were sacrificed with a high dose of ether. A full-thickness circular skin sample with a 1 cm margin around the wound area was removed from the wound\'s site and fixed in buffered formaldehyde for stereological evaluation.

All animal experiments in this study protocol were approved by the Animal Ethics Committee of the Shiraz University of Medical Sciences and the animal care was in accordance with their moral guidelines.

Preparation of agents {#sec2-2}
---------------------

Taurine was supplied by Sigma-Aldrich™ (St Quentin Fallavier, France). To facilitate the application of the agent, we provided 5% Tu gel, a concentration that was assigned according to a pilot study, by dissolving 5 g Tu in 2 cc distilled water, and then transferred the solution into 2% carboxymethylcellulose (CMC) (2 g CMC dissolved in 98 cc distilled water) for the topical Tu-treated group. Five percent Tu solution (5 g Tu in 100 cc distilled water) was prepared for the injected Tu treated group. The CMC gel itself was administered on the CL wounds in a pilot study and made no significant difference according to the stereological parameters, when compared with the non-treated group.

Stereological study {#sec2-3}
-------------------

Every four days the length and width of each wound were measured by a standard ruler in order to determine the wound closure rate. The area of the wound was measured by the following formula: (Length + width)/2× π; π = 3.14

In a systematic random sampling manner, eight pieces of each skin sample were cut and embedded in a cylindrical paraffin block; 5 μm and 15 μm sections were obtained and stained with both Heidenhain'sazan and Hematoxylin and Eosin (H and E) stains.

Microscopic analysis of the skin samples was done by using a video-microscopy system made up of a microscope (E-200, Nikon™, Japan) linked to a video camera and a flat monitor. The volume densities of the collagen bundles, vessels, and hair follicles were estimated at a magnification of 500 × by using the 5 μm thickness slides and the point counting stereological method.\[[@ref16][@ref17]\]

The vascular length density (Lv) and mean diameter of the vessels were estimated at 500 × magnification by employing the 5 μm slides and the stereological method used by Ashkani-Esfahani *et al*.\[[@ref16]\]

The fibroblast numerical density (Nv) (number of the cells per unit volume of the dermis) was estimated by the 15 μm slides at a magnification of 1200 × on the monitor, using the 'optical dissector' stereological method.\[[@ref17]\] The upper and the lower 5 μm thicknesses of the slides here were considered as an 'area of safety'.

Flow cytometry {#sec2-4}
--------------

We dissolved Tu in Dimethyl sulfoxide (DMSO) and then Phosphate buffered saline (PBS) to obtain the various concentrations of the compound (0.125-8 mM). The final concentration of DMSO should have exceeded by 0.2%. Promastigotes were incubated in DMSO (as control) at various concentrations of the compound for 2 h at 4°C, and then the promastigotes were collected in Eppendorf tubes and incubated for 30 min at 4°C with 50 g/ml propidium iodide (PI, sigma company, USA) in dark conditions. After incubation, the parasites were kept on ice until analysis. The positive controls for Propidium iodide (PI) staining were acquired by incubating parasites in the presence of 70% alcohol. The cell suspension was transferred into polystyrene flow cytometry tubes (BD Falcon Company, USA). We performed data acquisition and analysis, with a FACSCalibur flow cytometer (Becton-Dickinson, San Jose, USA) and the cell Quest Pro software. A total of 10000 events were acquired in the region that had been previously established as corresponding to the parasites.

Statistical analysis of the data {#sec2-5}
--------------------------------

The data were collected, analyzed, and reported as mean and standard deviation (mean ± SD). Besides, the statistical comparisons between the groups were carried out by the SPSS statistical software (v. 17.0). The Mann-Whitney U test was used to analyze and compare each parameter between the groups. *P* ≤ 0.05 was considered to be statistically significant.

RESULTS {#sec1-3}
=======

Wound closure {#sec2-6}
-------------

As shown in [Figure 1](#F1){ref-type="fig"}, the T1 and T2 groups showed a faster wound closure rate in comparison to the C group (*P* = 0.04). The T1 group even showed a faster wound closure in comparison to the T2 group (*P* = 0.04).

![The effect of Taurine (Tu) on the wound closure rate in control, topical Tu-treated, and injected Tu-treated mice, with cutaneous leishmaniasis. Each point represents the mean ± SD of the six wounds. The wound closure rate had significantly increased in both the Tu-treated groups compared to the control group (*P* \< 0.05). The 'a' letters show a significant difference compared to the control group on each day](ABR-3-204-g001){#F1}

The numerical density of the fibroblasts (Nv) in the dermis of the T1 group was higher than that of the C group and T2 group. As shown in [Table 1](#T1){ref-type="table"}, the numerical density of the fibroblasts in the T1 group was reported to be 82% higher than the C group (*P* = 0.003) and 43% higher than the T2 group (*P* = 0.02). There was no significant difference between the C and T2 groups with regard to the numerical density of fibroblasts.

###### 

Mean (SD) of the numerical density of the fibroblasts (×10^3^ per mm^3^), volume densities of the collagen bundles (Vv collagen/dermis; %), vessels (Vv vessel/dermis; %), and hair follicles (Vv hair follicles/dermis; %), length density (mm/mm^3^), and mean diameter (μm) of vessels in the dermis of the leishmania induced skin wounds of rats treated with topical taurine gel, taurine injection, and the untreated group

![](ABR-3-204-g002)

The volume density of the collagen bundles was 80.5% in the T1 group and 57.6% in the C group (*P* = 0.03). The collagen bundles' volume density was 1.2% in the T2 group and 0.8% in the C group (*P* = 0.03). There was no significant difference between the T1, T2, and C groups with regard to the hair follicles' volume density.

The length density of the vessels was 17.4 in the T1 group and 10.9 in the C group (*P* = 0.009). The vessel\'s length density was 20.4 in the T2 group and 10.9 in the C group (*P* = 0.006). The volume density and mean diameter of the vessels had no significant difference between the T1, T2, and C groups.

According to the result of flow cytometry Tu had no direct effect on this parasite, as it was shown in [Figure 2](#F2){ref-type="fig"}.

![Effect of different concentrations of Tu and 70% alcohol (as a control) on parasite mortality. (Horizontal apex: Concentration, vertical apex: Mortality)](ABR-3-204-g003){#F2}

DISCUSSION {#sec1-4}
==========

*Leishmania L. Major* induces innate immunity\[[@ref18]\] and inflammation by mast cell stimulation and by secreting pro-inflammatory mediators by these cells.\[[@ref19]\] Reactive Oxygen Species (ROS) that are produced during an inflammation response lead to oxidative damage to non-infected cells.\[[@ref20]\] During oxidative damage some free radicals are released that have an important role in collagen damage.\[[@ref21]\]

Similar studies have been done to find reliable drug therapy for cutaneous leishmaniasis. According to a study by Zakai *et al*., terbinafine and itraconazole had an effect on the treatment of leishmaniasis in infected mice *et al*.\[[@ref22]\] They investigated the efficacy of pentamidine for treatment of leishmaniasis.\[[@ref23]\] Soto *et al*. examined the treatment of American cutaneous leishmaniasis with miltefosine in 72 male soldiers.\[[@ref24]\] In the other study, Aguiar *et al*. investigated the effect of paromomycin and miltefosine on mice experimentally infected with *Leishmania*.\[[@ref25]\]

Previous studies have been conducted to find the Tu\'s re-epithelization enhancing, anti-inflammatory, and anti-oxidative activities in the process of wound healing.\[[@ref14]\] Tu is an antioxidant that can be used in order to reduce oxygen-free radical effects in wound healing and collagen damage.\[[@ref20]\] A study by Marcinkiewicz *et al*. revealed the efficacy of Tu on inflammatory skin diseases like acne vulgaris.\[[@ref21]\] In another study, Gültekin *et al*. investigated the effect of topical Tu on the basement membrane proteins of the regenerating oral gingival epithelium.\[[@ref13]\] Tu was shown to have the ability to facilitate the infected wound healing process, in a study by Tian *et al*.\[[@ref15]\] Overall, according to the previous reports, the positive impact of Tu on the inflammatory skin lesions was revealed, and also the results of the present study showed that Tu had enhanced fibroblast proliferation, collagen bundle synthesis, and re-vascularization in the skin wounds of CL. According to the stereological analysis, Tu is supposed to have the ability to be introduced as an alternative effective agent for these kinds of skin lesions. However, further studies are required to determine the adverse effects and also possible alterations made by this agent on intercellular and extracellular signaling pathways, leading to improvement in wound healing, followed by clinical studies, which are also needed to be conducted in order to evaluate the influence of this substance on the human model of CL.

As a limitation of this study, lack of having a group of subjects treated with a common treatment for CL can be mentioned, which could help us to know whether Tu can be introduced as a supportive or alternative treatment for CL wounds.

CONCLUSION {#sec1-5}
==========

According to this study Tu showed the ability to improve the wound healing process and tissue regeneration, although it had no direct anti-leishmaniasis effect.
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